Electrospinning technique is becoming increasingly popular for the preparation of nanofibers [1] [2] [3] [4] [5] . The process involves the application of a strong electrostatic field to a capillary connected with a reservoir containing a polymer solution or melt. Under the influence of the electrostatic field, a pendant droplet of the polymer solution at the capillary tip is deformed into a conical shape (Taylor cone). If the voltage surpasses a threshold value, electrostatic forces overcome the surface tension, and a fine charged jet is ejected. The jet moves towards a ground plate, which acts as a counter electrode. The solvent begins to evaporate immediately after the jet is formed. The result is the deposition of nanofibers on a substrate located above the counter electrode. Initially, this technique was used for the preparation of polymer nanofibers [6] [7] [8] [9] . In recent years; this technique has been used for the preparation of metal oxide/ceramic nanofibers such as silica, zirconia, titania, nickel oxide, barium titanate, lead zirconate titanate and other oxide materials . The nanofibers formed could be aligned (parallel and cross patterns) when an insulated cylinder attached to the axel of a DC motor is used as the substrate [31] . Xia et al. [32] prepared polymeric and ceramic nanofibers as axially aligned arrays by the use of a collector consisting of two pieces of electrically conductive substrate separated by a gap. Katta et al. used copper wires spaced evenly in the form of a circular drum as a collector of the electro spun nanofibers [33] .
Ó Springer Science+Business Media, LLC 2007
Electrospinning technique is becoming increasingly popular for the preparation of nanofibers [1] [2] [3] [4] [5] . The process involves the application of a strong electrostatic field to a capillary connected with a reservoir containing a polymer solution or melt. Under the influence of the electrostatic field, a pendant droplet of the polymer solution at the capillary tip is deformed into a conical shape (Taylor cone). If the voltage surpasses a threshold value, electrostatic forces overcome the surface tension, and a fine charged jet is ejected. The jet moves towards a ground plate, which acts as a counter electrode. The solvent begins to evaporate immediately after the jet is formed. The result is the deposition of nanofibers on a substrate located above the counter electrode. Initially, this technique was used for the preparation of polymer nanofibers [6] [7] [8] [9] . In recent years; this technique has been used for the preparation of metal oxide/ceramic nanofibers such as silica, zirconia, titania, nickel oxide, barium titanate, lead zirconate titanate and other oxide materials . The nanofibers formed could be aligned (parallel and cross patterns) when an insulated cylinder attached to the axel of a DC motor is used as the substrate [31] . Xia et al. [32] prepared polymeric and ceramic nanofibers as axially aligned arrays by the use of a collector consisting of two pieces of electrically conductive substrate separated by a gap. Katta et al. used copper wires spaced evenly in the form of a circular drum as a collector of the electro spun nanofibers [33] .
Alumina is one of the most widely used ceramic material finds applications as structural component for high temperature applications, heat engine and aerospace applications, as electronic substrates etc [34] [35] . It is also used for adsorption / chemisorptions of heavy toxic metal ions such as arsenic or arsenate. The chemisorptions depends on exposed surface area, therefore, nanofibers with high surface area produced by electrospinning might be ideal for this application.
In this study, attempts have been made to prepare alumina nanofibers by electrospinning technique by studying the effect of different chemical precursors and other processing parameters on morphology of nanofibers.
Polyvinyl Alcohol (PVA) (M n , 80,000-1,23,000) and Poly Ethylene Oxide (PEO) (M n , 9,00,000) supplied by M/s Aldrich were used as the polymer precursors. Analytical grade aluminum nitrate nano hydrate, Al(NO 3 ) 3 Á9H 2 O and aluminum acetate supplied by M/s. Aldrich were used as the source of alumina precursors. Based on initial experiments, PVA solution (10% by wt.) and PEO solution (5% by wt.) were selected as the optimum polymer precursor concentration. These solutions were prepared in hot water (for PVA) and in cold water (for PEO) while stirring well with a magnetic stirrer. Similarly, 20% aluminium nitrate or aluminium acetate solutions were prepared separately. The composite solutions of PVA or PEO and aluminium nitrate or aluminium acetate were prepared by mixing appropriate amounts with a magnetic stirrer. The homogeneous solutions thus prepared were used for electrospinning. The prepared viscous solutions of PVA/aluminum nitrate, PVA/aluminum acetate and PEO/aluminum nitrate were subjected to electrospinning by taking a small quantity of the solution in a syringe and connecting it to the positive terminal of the high voltage source. A grounded flat metallic stand covered with aluminum foil served as the counter electrode. The experiments were carried out by maintaining a distance of 10 cm between the tip to collector distance (TCD). A schematic drawing of the electrospinning set up is presented in Fig. 1 . The solution flow rate was maintained 1.3 ml/l and the humidity of the chamber was maintained in the range of 50-60%. The voltage was gradually increased till the liquid came out through the needle and split into web of fibers collected on the aluminum foil. The voltage was maintained in the range of 11-13 kV for pure PEO and PVA solutions. SEM pictures of the PVA and PEO fibers are presented in the Figs. (2-3) . Similarly, the electrospinning of composite solutions were carried out at a voltage of 17-19 kV and their SEM pictures are presented in Figs. (4-6) . The solution preparation methodology and electrospinning conditions are summarized in Table 1 In general, the electrospinning of both PVA and PEO was possible and was smooth in case of aluminum acetate precursor. In case of aluminum nitrate precursor, the resulted nanofibers are highly hygroscopic due to presence of nitrate anions and their collection was extreme difficult due to strong repulsion perhaps due to concentration of similar charges leading to the fibers either to remain in vertical position on the collector or were simply flying making it difficult for their collection. Therefore, the PVA/aluminium acetate solutions were ideal for electrospinning
In order to increase the alumina content in the fibers, three compositions of salt to polymer ratio i.e.10%, 50% and 100% were electrospun. It was observed that the electrospinning was very smooth for 10% as well as 50% solid loading. Typical morphology of nanofibers obtained by different solid loading is presented in Figs. (7-8) . The presence of beads were observed in case of low solid loading (10%) compared, while the same were absent in higher solid loading (50%).
The prepared nanofibers were heat treated at 900°C and 1300°C in order to remove the organics to generate pure alumina nanofibers. They are presented in the Figs. (9-10). The XRD analysis (Fig. 11 ) of the calcined product at 1300°C confirms the presence of pure alpha alumina phase. From Fig. 10 , it is observed that the nanofibers heated at 900°C are characterized by beaded structure due to loss of organics leaving the porous unsintered alumina phase. However, at high temperature, the diameters of the fibers are further reduced due to sintering. The diameters of the fibers are in the range of 20-500 nm.
To summarize, alumina nanofibers were successfully prepared by electrospinning technique using different precursors from a combination of PVA and PEO as polymer precursor, aluminium acetate and aluminium nitrate as alumina precursor. It was possible to electrospun a solution containing upto 50% Al precursor. 
